but the physiologic mechanism of this decrease is not fully understood. Although concentrating ability appears to be limited by a maximal osmotic urine/plasma (U/P) ratio, small increases in solute excretion have been shown to lead to a decrease in osmotic U/P ratio even when urine flow remains less than 2 ml. per minute (3) . At high flows, when there is a marked decrease in osmotic U/P ratio, there is evidence that the concentrating mechanism may be limited by a constant maximal rate of net water reabsorption (TCmH20) (4) . In the present study the response to osmotic diuresis has been examined over a wide range of urine flow in multiple experiments in the same subject. As urine flow increased up to 20 ml. per minute per 1.73 M.2 there was a consistent curvilinear decrease in U/P ratio and a curvilinear increase in net water reabsorption (TH2o). These curves could be described by simple reciprocal equations from which maximal values for U/P ratio and for TCH20 could be predicted.
It has been suggested that the response of the concentrating mechanism to urea diuresis differs from that obtained with other osmotic diuretics (5) (6) (7) (8) . By 
METHODS
The subjects were healthy young men who had demonstrated an ability to empty their bladder consistently at low rates of urine flow. The subjects were deprived of water for 18 to 20 hours prior to each experiment and given a dry supper and no breakfast. Solute loading was begun in the morning after two or three preliminary urine collection periods, and was generally maintained at a constant rate for two or more hours in order to obtain data during a steady state. Subsequent analysis indicated that data obtained with steady, increasing and decreasing rates of urine flow were sufficiently similar to be pooled. Aberrant values were obtained in the initial period after loading when urine flow increased more than twofold and these periods were discarded. The solutions of urea or mannitol used for intravenous loading also contained sodium chloride in concentrations of 0.1 to 0.7 per cent to minimize sodium losses. Hence all infusions were actually hypertonic to plasma. Sufficient vasopressin was added to provide 200 milliunits per hour, except at the highest rates of urine flow (more than 20 ml. per minute) when the dose of vasopressin was increased to 600 milliunits per hour. The following types of experiments were performed:
1. Isotonic mannitol loading. Five per cent mannitol was infused at rates of 3 to 20 ml. per minute with a constant infusion pump or at rates of 40 to 80 ml. per minute by gravity using a large bore needle.
2. Hypertonic mannitol loading. Fifteen per cent mannitol was infused at 10 or 20 ml. per minute by a constant infusion pump. Initial loading with hypertonic mannitol led to severe postural headache and therefore this infusion was given only after a diuresis had first been established by infusing isotonic mannitol at 20 ml. per minute for two hours.
3. Urea loading. Thirty per cent urea was infused at 1 to 2 ml. per minute. A few attempts at more rapid administration led to severe postural headache and nausea.
4. Urea plus mannitol loading. In order to compare the effects of urea and mannitol at high urine flow, 6 per cent urea in 5 per cent mannitol was infused at 20 ml. per minute.
Chemical methods have been described previously (3) . All data were corrected to 1.73 M.2 of body surface area. Concentrating ability is evaluated both in terms of the osmotic U/P ratio and in terms of net water reabsorption, TH20, calculated as follows:
UoemV/Po represents the volume of fluid that would 1725 In contrast to these data, the response at higher rates of urine flow appeared to vary with the type of solute loading employed (Figures 1,  3 weaver-Burk modification (11) of the classical Michaelis-Menten equation for the description of enzyme kinetics. Thus TCH2O would represent a reaction velocity and V would represent substrate concentration, with TcmaxH2o and U/P max representing velocity and concentration maxima, respectively.2 This analogy need not imply that urine is concentrated by enzymatic active reabsorption of water. There is evidence 2 In the original analysis of this relationship (12, 13) Co.s was taken as a measure of "substrate" and the "Michaelis-Menten equation" was written:
TVH2O a' C.m5 in which TcH2O and Co.m are as described above and a' and b' are constants. For statistical analysis the derived terms were transformed into directly measured terms yielding the expression:
The correlation between V and U was not improved U/P -1 by including the third term I I so that the simpler expression of Equation 2 was selected for further use. to suggest that the urine is concentrated by the passive reabsorption of water through the collecting ducts into a hypertonic peritubular space (5, 14-16). The manner in which this hypertonicity is achieved is not certain but it presumably requires active sodium transport (17) . It is therefore possible that the resemblance of the equation describing the concentrating mechanism to a Michaelis-Menten equation is a reflection of the limitations imposed on the concentrating mechanism by an enzyme system involved in sodium transport. On the other hand, the equations relating water reabsorption and urine flow are also analogous to the Langmuir adsorption isotherm (18, 19) . This equation describes the adsorption of gases but may have application to osmotic transport of solvents in which the initial step may be represented as an adsorption of the solvent on a semipermeable membrane (20) . Passive osmotic transfer could thus be limited by the osmotic gradient at low flows and by the tubular adsorbing surface area at high flows. The equations relating concentrating response to urine flow are merely descrip- tive and might be the result of still other mechanisms than the two described above.
Berliner, Levinsky, Davidson and Eden (5) have postulated that the collecting duct is permeable to urea, so that the urinary urea can be osmotically balanced by urea which has passively diffused into the medullary interstitial fluid. This circumstance should result in enhanced concentrating ability during urea diuresis since the sodium chloride which is presumably actively Table I ).
SUMMARY
Renal concentrating ability during osmotic diuresis has been examined over a wide range of urine flow in hydropenic normal men. As urine flow (V) increased up to 20 ml. per minute per 1.73 M.2 there was a curvilinear increase in net water reabsorption (TCH2o) and a curvilinear decrease in osmotic urine/plasma (U/P) ratio, which fit the equation 1 = aV + b, where a U/P -1 and b are constants related to maximum net water reabsorption and maximum U/P ratio, respectively. Data obtained with urea and mannitol loading at intermediate flows fit this equation and showed no difference between the responses to the two solutes.
When urine flow was increased up to 40 ml. per minute per 1.73 M.2, this relationship was disrupted. TCHO usually decreased progressively with isotonic mannitol loading. Concentrating ability was greater with urea plus mannitol loading at these urine flows than with isotonic mannitol alone, while the response to hypertonic mannitol loading was intermediate.
